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Within the period of 2{ years, the rabbit breeding colony maintained 
at the Institute for studies on constitution has been the locus of three 
separate  epidemics of  a  disease,  which because of its  similarity  to 
small pox in man, has been called rabbit  pox.  The first  epidemic 
occurred in the spring of 1930 and was limited to a  small colony of 
animals housed in a  single room.  The disease was characteristically 
mild with low morbidity and mortality rates.  As soon as  its con- 
tagious nature was recognized, animals presenting the clinical features 
were segregated or sacrificed, with the resulting abatement and dis- 
appearance  of  the  disease  in  epidemic form.  A  few  transmission 
experiments  were  attempted  but  without  definite  success.  This 
outbreak was not studied systematically, but aerobic and anaerobic 
cultures of blood and  tissues from animals with active lesions and 
animals that died of the disease were negative. 
The colony was thereafter maintained under vigilant scrutiny for 
the first evidence of a  recurrence of the affection, but no case was 
detected until the latter part of 1932, when the disease again appeared, 
this  time with explosive violence and in  a  highly malignant form. 
The clinical, pathological and epidemiological aspects of this second 
epidemic have been the subjects of reports by Greene (1-5).  Trans- 
mission experiments conducted by Pearce, Rosahn and Hu (6)  were 
successful, and the etiological agent was identified through clinical, 
pathological, immunological and host-range experiments as  a  filter- 
able virus, qualitatively related to vaccine virus, but more virulent. 
With the subsidence of the second epidemic approximately 2 months 
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after its onset, the disease was absent from the colony as far as clinical 
manifestations were concerned, until  December, 1933, exactly 1 year 
after its  second  appearance,  when a  third outbreak occurred in  an 
isolated animal room separated by corridors and stairways from the 
main breeding rooms of the colony.  Experience with the pox during 
the  second  epidemic  had  demonstrated  its  devastating  effect,  as 
indicated by a  mortality rate of 610  animals or 46.4 per cent of the 
total population,  and  a  morbidity rate  of more  than  90  per  cent. 
With this background, and in order to avoid loss immediate measures 
were instituted with the object of delimiting the disease to the room 
in which it was first noted.  These efforts first took the form of strict 
isolation and the sacrifice of animals presenting severe clinical signs 
of disease.  Subsequently, wholesale vaccination of every individual 
in the colony was undertaken, employing dermovaccine virus as the 
inoculum (7).  This procedure was based  on the observation made 
during the epidemic of  1932-33  that vaccine virus immune animals 
possessed some degree of immunity against experimental rabbit pox. 
The present report is concerned with the third and most recent epi- 
demic of rabbit pox.  In this instance, the chief interest arises from 
the opportunity afforded for a comparison of two epidemics in a popu- 
lation derived from a  common ancestry, and for a comparison of the 
behavior of presumptive immune with normal susceptible individuals. 
Materials  and Methods 
For convenience, the epidemics of 1930, of 1932-33 and of 1933-34, have been 
•  designated first, second and  third  epidemics respectively.  The  observations 
made during the first epidemic have not been reported.  The second epidemic 
was studied in its spontaneous aspects by Greene, and from the standpoint of 
etiology and transmission by Pearce, Rosahn and Hu. 
The room in which the disease was noted in December, 1933, is on the third 
floor of a building which is used mainly for animal quarters and is at the opposite 
end of the floor  from the room designated  as D in Greene's report (4).  The main 
breeding colony is on the first floor of a different building.  The room contained 
approximately 200 rabbits, housed in individual cages on racks suspended from 
the ceiling in parallel rows from east to west.  In addition there were 110 mice 
in small boxes located in the northern end. 
The rabbit population was heterogeneous both as regards racial and familial 
attributes  and as regards their use for breeding or experimental purposes.  At 
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31 does, were breeding stock, including standard bred and hybrid animals failing 
into three general  categories: a  few were known to  transmit  characters  not at 
the time under investigation; others were being held for test purposes; and still 
others  were  being  held  as  reserves.  The  experimental  group  comprised  124 
standard bred and hybrid bucks which were distributed according to the type of 
investigation  pursued  as follows: experimental  syphilis,  78; experimental  yaws, 
15; the Brown-Pearce tumor, 31.  In addition, there were three litters of nursing 
young born in the room before the epidemic nature of the infection was recognized, 
one litter of nine born in the room on Dec. 18 during the height of the epidemic, 
and two litters of  five and five which were transferred to the room on Dec.  18 
from the main quarters of the colony for reasons which will be described below. 
The experimental animals were located on racks in the southern part while the 
breeding stock was segregated in the northern section.  Between the two groups 
was an intervening empty rack.  The room was well ventilated and adequately 
illuminated,  and the diet comprised a mixture of grains and grain products with 
alfalfa,  mineral salts and a  molasses binder.  This was supplemented with hay 
and  a  free supply of water. 
The study of the disease was limited to the animals which developed sponta- 
neous  infections.  Transmission  and  immunity  experiments  were contemplated 
but not pursued because of the danger that  dissemination of the disease might 
be given an impetus through the introduction of material known from previous 
experience  to  be highly contagious.  Identification of the  causative  agent  was 
thus  dependent  on  clinical  and  pathological evidence  in  conjunction with  the 
observed reaction of animals known to be immune or susceptible to the virus of 
rabbit pox responsible for the s~cond epidemic.  Frequent careful clinical exami- 
nations of all animals were made, and the presence or absence of any signs of infec- 
tion were recorded.  Animals which died or were sacrificed were examined post 
mortem,  and  representative  tissues  were  fixed  in  formalin  and  stained  with 
hematoxylin and eosin. 
The x ~ test of homogeneity which has been employed for the statistical analysis 
is described by Fisher  (8),  who also gives tables for translating various levels of 
x  ~ into terms of probability.  Significance has been ascribed to values of P  _< 
0.01, that is,  a  difference is considered to be significant when the chances of its 
occurrence by random sampling alone are 1 or less than  1 in 100. 
Onset and Course of the Epidemic 
Adults.--It  will be noted that a  majority of the experimental stock had been 
inoculated  with  Treponema pallidum.  One  large  group of animals  was  under 
investigation in experiments designed to alter the reaction of the rabbit to experi- 
mental syphilis, especially in an attempt to produce a generalized macular erup- 
tion similar  to  that  seen  in  the  secondary stage  of human  syphilis.  For  this 
purpose the sides and flanks of the test animals, together with a group of controls 
had  been  dipped  shortly  after  intratesticular  inoculation  with  syphilitic  virus 334  RABBIT  POX 
on  Nov.  1,  1933.  These  animals  were  examined  daily for  any  evidence of  a 
macular syphilid eruption. 
After inoculation the orderly progression of the usual phenomena of syphilitic 
infection was observed.  On Dec.  7,  5 weeks after intratesticular inoculation, a 
diffuse macular eruption was noted on the ears of one test animal, which at the 
time had a  rectal temperature of 105°F.  The eruption was easily visible in or- 
dinary daylight, but was most evident on transillumination.  When first observed, 
this macular rash was interpreted as representing the syphilis eruption which was 
the object of the experimental procedure.  Subsequent events showed that this 
interpretation was incorrect. 
On Dec. 8 the macular eruption had become more intense, and on the following 
day there were several discrete elevated pink and red papules easily discernible 
on  both  ears  and on the trunk.  On Dec.  9  four additional  animals  were ob- 
served with many small discrete papules on the clipped areas of the sides, and a 
fifth, which had appeared bright and alert the day before, was found dead.  At 
autopsy  there were  present  in  the  organs  and  tissues lesions indistinguishable 
from  those  noted  during  the  second  epidemic.  On  Dec.  11  three  additional 
animals were found dead with characteristic lesions, and three new clinical cases 
were observed.  1  day later nine fresh cases were noted.  Thus,  within 5  days 
after the first recognition of a  macular eruption in a  test animal, lesions indistin- 
guishable from those of rabbit pox were seen in 22  animals, four of which died. 
Of particular note was  the fact  that  the pox lesions were  observed in  animals 
inoculated with Tr. pallidum and also in control uninoculated animals. 
The majority of the animals in the room were under observation with respect 
to their reaction to different inoculated diseases.  In order to preserve as many 
of these experimental animals as possible, and because of the  danger that  the 
disease might spread it was decided to interfere.  A  strict quarantine had been 
imposed as soon as the pox nature of the disease was recognized.  In addition, 
every severely affected animal, a  total of 18, was sacrificed on Dec.  12. 
This procedure appeared to check the incidence of new cases, yet fresh infec- 
tions were recorded at frequent intervals.  As noted above, the first active case 
was observed on Dec. 7, and the first death 2 days later.  The last new case was 
observed on Jan. 6, 1934,  31 days after the first clinical case was recognized, and 
the last death on Jan. 9.  58 positive instances of infection were seen in a  popu- 
lation of 173 adult animals, a  morbidity of'33.5 per cent.  These cases were dis- 
tributed according to  the  time of their recognition as follows: Dec.  7,  1; Dec. 
8-14, 28; Dec. 15-21,  18; Dec. 22-28,  10; Dec. 29-Jan. 4, 0; Jan. 6, 1.  29 or 50 
per cent of the total number of infections were recognized in the first 8  days of 
the epidemic while 47 or 81 per cent were noted in the first 15 days.  The distri- 
bution frequency of new cases thus has a  distinct skew to the left, significantly 
more cases having occurred in the first half of the epidemic than in the last (x  ~ 
=  44.8, P  <  0.01). 
The  incidence of  spontaneous  deaths  among  the  adult  stock was  obscured 
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spite of this drastic procedure, seven animals died in the interval between Dec. 
9  and  22,  and four more expired between  Dec.  26 and Jan.  9.  A  prominent 
feature was that early in the epidemic deaflas usually occurred within 2 to 4 days 
after  the  first  appearance  of  dinical  signs,  whereas  in  the  latter  half  clinical 
signs anteceded death by a longer interval of 1 to 2 weeks. 
Nursing Young.--On Dec.  7, at the onset of the epidemic, the room housed 
three  litters  aged  5,  17  and  23  days  respectively.  All  survived the  epidemic 
period without any clinical signs of infection.  A fourth litter of nine was born 
in the room on Dec. 18 at the height of the epidemic.  Careful clinlcal examina- 
tions  never  disclosed  any  manifestations  which  could be  ascribed  to  the  pox. 
Seven of these survived the epidemic, the others having died at birth or shortly 
thereafter.  The  fact  that  this  group escaped  infection was  further  evidenced 
by a positive reaction in three of six animals later vaccinated with dermovaccine 
virus.  Previous  work  had  already  demonstrated  that  recovered  pox  animals 
possessed  a  high  level  of  immunity  against  vaccinia,  and  were  refractory  to 
inoculation with dermovaccine virus. 
The pox was confined to the room in which it was first noted until Dec.  18 
when its dissemination to the main animal colony was evidenced by typical symp- 
toms in a 48 day old rabbit, one of a litter of five.  This entire litter and the doe 
were immediately transferred  to the epidemic room.  On the following day the 
infected  animal  was  found dead,  and  at  autopsy  the  characteristic  lesions  of 
rabbit  pox observed during  the  1932-33  epidemic  were  noted.  Mter  transfer 
the remaining four were symptom-free for a short time.  On Jan. 1, 1934, a second 
animal in the litter was found dead with characteristic pox lesions; on this date 
also  the other three  all  had clinical evidences of infection and were sacrificed. 
A second litter comprising five rabbits 48 days old, together with their mother, 
was also transferred to the epidemic room on Dec. 18 because of their proximity 
to the first infected animal in the main colony.  On Jan.  1 one animal of this 
group was found dead with characteristic pox lesions, and all four of the others 
showed clinical signs of infection.  Two of these were discarded on Jan.  12,  at 
which time they were apparently recovering, while the other two recovered.  The 
significance of the observation that these two litters contracted the disease while 
the four litters originally in the room did not, will be discussed below. 
Incubation Period 
Ordinarily, the animals in the room in which the disease was first noted were 
under the sole charge of one caretaker who came in contact with no other animals. 
But on Nov. 26, 11 days before the first case of pox was noted, another man was 
assigned to Sunday duty in this room.  Investigation showed that this man was 
the caretaker of animals from laboratories in which vaccine virus was being used, 
and that several deaths had occurred rapidly among the animals inoculated with 
this virus.  It was also revealed that he had fed and watered his own animals 
before coming to our room.  It is highly probable that this man acted as a carrier 336  RA~ITPOX 
of the virus, and the incubation period in this instance can thus be placed fairly 
definitely at  11  days. 
The two litters  which were transferred  to the  epidemic room belonged to a 
small  group under investigation by the same persons who were conducting the 
experiments on the animals in which the pox first appeared.  Until Dec. 9, when 
the third floor animal room was placed under quarantine, the animals quartered 
therein and these two litters in the main animal quarters had been handled almost 
daily by both persons.  Since the first case of pox in the third floor room was 
noted on Dec. 7, and the first instance of infection in the main breeding room was 
observed in one animal of these two litters on Dec.  18, the incubation period in 
this  instance  was at  least  9  to  11  days.  These two estimates,  11  days in the 
first case and at least 9 to 11 days in the second, are comparable to the incubation 
period noted by Greene in the previous epidemic. 
Clinical Manifestations 
The clinical manifestations  were with  minor exceptions identical  with  those 
observed during the second epidemic by Greene.  Affected animals were usually 
listless  and  apathetic,  refused  food and  frequently  became  rapidly  prostrated. 
Temperature records of 105°F.  were not infrequent.  Among local clinical  signs 
the most striking were skin and mucous membrane lesions, which were noted in 
all cases. 
The  first  skin  lesion was usually  a  macuhr  eruption  on  the  ears or sides. 
Within 24 hours, papules made their appearance, and usually within 36 hours the 
papular eruption had become generalized.  Papules were most frequently noted 
over the shaved areas,  but  careful examination  revealed  their  presence  also  in 
fur covered skin.  These lesions were usually discrete  but  sometimes coalescent, 
and as a rule appeared to be superficial.  In general, the skin lesions differed from 
those noted in the second epidemic in two respects:  They tended  to be small, 
rarely attaining a  size hrger than 2 ram. in diameter,  and hemorrhagic papules 
occurred with far greater frequency.  All stages in the development from macules 
to papules  were usually present,  but pustules  were not observed.  Healing oc- 
curred with the formation of a dry crust which usually became covered with fine 
silvery scales and was soon desquamated.  The complete absence of scars follow- 
ing the  disal~pearance  of skin lesions was noteworthy. 
In addition to the papular lesions in the skin, papules were also noted with great 
regularity in the mucous membranes of the lips,  gums, nares,  conjunctiva and 
occasionally,  around  the  anus  and  genitalia.  Mucous  membrane  lesions  were 
usually discrete and umbilicated. 
The next most frequent  organ involved clinically was the eye.  Eye lesions, 
as a  rule, developed early in the course of the disease as a unilateral or bilateral 
blepharitis,  characterized  by a  thick  tenacious  discharge,  aversion  of  the  lids, 
particularly  the  lower,  and  a  matting of the  eyelashes in  the  secretions.  The 
blepharitis  in many instances was accompanied or followed by keratitis  but the 
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Two  other  clinical  manifestations  were  encountered  with  great  regularity. 
The first of these was generalized lymphadenopathy, particularly apparent  on 
examination  of  the  popliteal  lymph  nodes,  which  were  consistently  enlarged, 
indurated and tense.  Inguinal and axiUary lymph nodes were also usually palp- 
able.  The other was an orchitis in male animals.  This was observed less fre- 
quently than in the  1932-33  epidemic, and was evidenced in some instances by 
an edema of the scrotum or testicle, and in others by the formation of small, hard, 
discrete areas of nodular induration in the testes. 
Nasal  discharge  and  diarrhea  were  of  variable  occurrence.  In  the  early 
stages the nasal discharge  was usually  thick  and  tenacious.  As the  condition 
progressed, the secretion usually became hemorrhagic, at first freely flowing and 
later followed  by the  formation of impissated hemorrhagic  crusts  which  ob- 
structed  the  nasal  passages  and  caused  stertorous  respiration.  Diarrhea  was 
usually initiated by loose, formed stools which rapidly became liquid in consistence 
and some times laden with mucus.  With  the loss of sphincteric control, there 
was frequently dribbling of urine and fluid  feces. 
The above gives a  composite picture of the disease as it was encountered in 
the epidemic under discussion.  Individual animals, however, varied considerably 
in  the  extent  and  degree of  their  clinical  signs.  In very mild cases the  only 
evidence of infection was enlargement of the popliteal lymph nodes which  was 
frequently not sufficient to warrant a positive diagnosis.  At the other end of the 
scale were prostrated animals presenting all of the clinical signs enumerated.  In 
between these extremes were animals with various combinations, both as regards 
number and degree, of the clinical  manifestations described.  The extent of in- 
volvement was, however, of no certain prognostic import.  Animals with severe 
hemorrhagic papular lesions  of the skin were known to recover while  others in 
which the predominant external evidence of the disease was an ophthalmia, were 
known to die. 
Pathology 
The autopsy findings in the comparatively small number of animals 
examined post mortem corresponded closely to the observations during 
the second epidemic.  No attempt will be made to describe in detail 
the gross and microscopic findings at autopsy.  Greene made extensive 
studies of them during  the  second  epidemic.  Only  a  few character- 
istic findings wiU be described to indicate the many points of similarity 
between the two epidemics. 
Gross Findings.--The most frequent findings  at autopsy were papular lesions 
of the  skin and  the  mucous membranes of the  lips,  tongue and  conjunctivae. 
Most of the animals were excellently  nourished as indicated by fat.  Frequently, 
the nostrils were partially occluded by thick, hemorrhagic crusts.  The pleural 
cavities usually were not involved, but in two instances a hemothorax was present. 338  RABBIT POX 
The most frequent finding  in  the lungs  were numerous scattered pearly white 
indurated nodules superficially  located.  A few lungs  were normal in the gross, 
but others had scattered bronchopneumonic areas.  Focal lesions were not found 
in  the heart although, occasionally,  the myocardium was  soft and flabby.  In 
somg instances the peritoneum was not involved while in others a diffuse fibrinous 
peritonitis was a  prominent feature.  Occasionally,  small  petechiae were noted 
in the intestines.  The liver was usually slightly enlarged,  of a yellowish brown 
color,  and frequently showed a  scattering of small pearly white nodules  on  the 
surface and on cut section.  The spleen occasionally presented numerous super- 
ficial white nodules of the type found in the liver and lungs,  and as a rule was 
large, soft and swollen.  Focal lesions in the kidneys were not seen, but in a few 
instances  these were noted in  the  adrenal cortex.  Marked  lymphadenopathy 
was present in most instances. 
Microscopic Findings.--The characteristic microscopic  lesion  consisted  of  a 
central area of necrosis surrounded by a  zone of small  round cells, edema and 
hemorrhage.  In  confluent  lesions  the  necrosis  predominated.  In  early cases 
the lesion was seen to have its inception as a  perivascular infiltration of small 
round cells with associated  swelling and distortion of the endothelial lining  of 
small blood vessels and lymphatics. 
In the skin,  the lesions were not confined  to the chorium  as in the second 
epidemic, but were also seen in the epidermis  (Fig.  1).  In several instances  the 
chorium was surprisingly  free of any infiltrative process while in the epidermis, 
vacuolization,  vesicle formation and necrosis were prominent features.  In a few 
instances  the lesion had extended through the Malpighian layer and involved the 
chorium in addition to the epidermis.  Only rarely was  the chorium alone in- 
volved. 
DISCUSSION 
The clinical and pathological similarities between the epidemic dis- 
ease of 1933-34 reported here and that of the previous year described 
by  Greene  leave  no  doubt  that  the  two  infections were  caused  by 
closely  related  etiological  agents.  The  characteristic  macular  and 
papular eruption on the skin, the umbilicated papules on the mucous 
membranes of the Hps, nose and gums,  and on the tongue, eyes and 
genitalia,  the blepharitls and ophthalmia,  the lymphadenopathy and 
the orchitis, were all essentially the same in the two epidemics.  More- 
over, the characteristic finding at autopsy of focal and diffuse lesions 
of  the  skin  and  special  organs,  coupled  with  a  microscopic picture 
which showed a  central area of necrosis surrounded by mononuclear 
infiltration,  edema  and  hemorrhage,  usually  intimately  related  to 
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epidemics.  There  is,  however,  certain  contributary  immunological 
evidence which  taken  together  with  the  clinical  and  pathological 
similarities  makes  the  close  relationship  of  the  etiological  agents 
responsible for the two epidemics fairly conclusive. 
At the onset of the second epidemic there were a number of animals 
which had been in the colony at the time of the first outbreak.  The 
fact that all of these animals developed the disease during the second 
epidemic indicates either that they had not contracted the affection 
during the earlier epidemic, or if they had, that the resulting immunity 
had been lost. 
However, by  actual  test,  survivors of  the  second epidemic were 
found to be immune to reinoculation with heavy doses of active virus, 
and this immunity was shown to last for several months.  Since there 
was strong evidence for the belief that every adult in the colony during 
the second epidemic had contracted the disease, surviving animals pre- 
sumably possessed a  specific immunity.  The immune status of a few 
litters born towards the close of the epidemic was not known with cer- 
tainty since these never presented any signs of infection, although they 
were born and raised during the pandemic period.  The status of ani- 
mals born to presumably immune parents mated after the termination 
of the second epidemic was also conjectural, but because none of these 
young ever showed any of the disease  manifestations, they were all 
classified  as  presumably  susceptible.  Thus  with  respect  to  their 
immune status, there were two general groups and one  sub-group of 
animals in the colony in the period immediately anteceding the third 
outbreak: presumptive  immunes  or  those  that  had  survived  the 
second  epidemic;  and  presumptive  susceptibles,  or  animals  born 
after the termination of the second epidemic.  The sub-group con- 
sisted of animals whose status was unknown.  These had been born 
toward the  end of  the  second epidemic but  clinically had  escaped 
infection. 
Table I presents a classification of the adult animals in the epidemic 
room according to their presumptive immunity or susceptibility to the 
causative agent of the second epidemic, and  as  to the presence or 
absence of pox lesions in the third epidemic.  It is seen that only 2 
or  2.2  per  cent  of  92  presumably  immune animals  developed the 
characteristic lesions of the prevailing infection in the third epidemic 340  RABBIT  POX 
while 56 or 69.1 per cent of 81 presumably susceptible  animals showed 
clinicals signs of the disease.  The difference,between the two groups 
is highly significant  statistically  (x  ~ =  86.4).  Moreover,  the  disease 
was not limited  to experimental animals as is shown by the fact that 
3  or 50 per cent of the presumably susceptible breeding stock rabbits 
developed lesions  as  contrasted  with  53  or 69.1  per  cent  of the  pre- 
sumably  susceptible  experimental  animals.  The  difference  between 
the two groups in this case is not significant (X  2 --  1.0). 
The two animals noted above which  were presumably immune to  the virus 
of the second epidemic but which  nevertheless contracted the disease  during the 
epidemic of the following year, are of particular significance.  These two animals, 
brother and sister, were born on Jan.  8,  1933, toward the  close of the  second 
TABLE  I 
Classification of Adult Animals Exposed to the Epidemic Pox Disease of 1933-34, 
with Morbidity Rates 
Group 
Breeding stock .................... 
Experimental stock ................ 
Total .......................... 
Presumably immune* 
No. of 
animals 
43 
49 
92 
No. of  Per cent 
pox cases 
1  2.3 
1  2.0 
i-- 
2  2.2 
Presumably susceptiblet 
No:  of  No. of  Per  cent 
animals  pox case~ 
6  3  50.0 
75  53  70.7 
81  56  69.1 
* Animals surviving the pox epidemic of 1932-33. 
t Animals born after the pox epidemic of 1932-33. 
epidemic.  The mother had been infected with the pox about the time of their 
birth or shortly before, but it had not been severely ill and quickly recovered. 
The lifter,  comprising  four  vigorous,  healthy young, had been examined care- 
fully at frequent intervals up to the middle of March, 1933, but none of the animals 
in it had ever presented demonstrable signs of infection.  It is seen that although 
the two animals under consideration have been classified as presumably immune 
because their birth  took place during the second epidemic to which  they were 
exposed, they were both known to have escaped infection,  and actually they belong 
in  the  susceptible class.  Even  though  one of them had been inoculated  with 
Tr. pallidum,  and the other was in the uninoculated breeding stock group, both 
contracted the disease  during the third epidemic and one died. 
A  revision of the classification in the light of these findings indicates 
that every one of 90 adult animals presumably immune to the virus of PAUL  D.  ROSAHN  AND  CH'UAN-K'UEI  HU  341 
the second epidemic escaped infection during the later one.  On the 
other hand, 58 or 69.9 per cent of 83 presumably susceptible rabbits 
contracted the disease.  This analysis demonstrates fairly conclusively 
that the immunity reactions developed as a result of infection with the 
virus of the 1932-33 epidemic conferred an effective protection against 
the etiological agent of the 1933-34 epidemic, and on this basis the 
two diseases are immunologically  related. 
The morbidity rate among susceptible adult animals has been given 
as  69.9  per  cent.  Eleven of the  83  susceptible animals died with 
characteristic lesions at  autopsy and  19 additional infected animal~ 
were  sacrificed.  On  an  extremely  conservative  estimate,  at  least 
one-quarter of the discarded animals would probably have died had 
the disease been permitted to pursue an uninterrupted course.  With 
this correction, the mortality in the susceptible adult stock would be 
15 out of a population of 83 or 18 per cent.  This compares with an 
adult mortality of 17 per cent in the 1932-33 epidemic. 
It will be recalled that animals in the epidemic room were segregated 
according to their use for breeding or experimental purposes.  The 
experimental animals with their high morbidity rate were housed on 
racks in the south end while the breeding stock, in which the disease 
incidence was low, were kept in the northern section.  An intervening 
unoccupied space separated the two groups.  It would seem that the 
different morbidity rates in the two groups, instead of being due to a 
large proportion of specific immunes among the breeding stock, and 
the small percentage of immunes among the experimental animals, 
might be explained with equal merit by the hypothesis that the exciting 
agent had never reached the breeding animals in the northern section. 
That this was not the case was demonstrated by the observation that 
one breeding doe which was caged on a  rack  abutting the northern 
wall of the room, developed typical pox lesions and subsequently died. 
On  this  evidence it  can be  surmised that  the virus had  been  dis- 
seminated throughout the room from the southern portion where its 
effects were first seen and  came in contact with all of the animals 
therein. 
It was at first difficult to understand the complete absence of infec- 
tions in the young stock born in the epidemic room and exposed to the 
disease, but in the light of subsequent observations on the reaction of 342  RABBIT  POX 
the  rabbit  to  intradermal  inoculation  with  dermovaccine  virus  (7), 
a plausible explanation can be offered.  During the course of this work 
it was found that young rabbits nursed by immune mothers were more 
refractory to  inoculation  with  vaccinia  than  were  young  nursed  by 
susceptible mothers.  Moreover, the  lowest incidence of  generalized 
vaccinia  occurred  in  the  group  comprising  the  nursing  young  of 
immune  mothers.  The  evidence  indicated  that  animals  of  nursing 
age were refractory to inoculation,  and  that  this  refractoriness was 
further increased when the nursing mother was itself an immune. 
An application of these findings to the question under consideration 
points to similar  conclusions.  The four litters born in the  epidemic 
room were all nursed by mothers that had recovered from the disease 
contracted during the second epidemic and were, therefore, immune. 
None of this group of 18 surviving nursing young ever presented any 
evidence which would lead one to suspect the presence of the disease 
prevailing during the third epidemic.  In marked contrast to this, all 
of the animals in the two litters which were transferred to the epidemic 
room on December 18 were seriously affected and several died. 
The lineage and history of these two litters are of considerable interest.  Early 
in the second epidemic,  a doe contracted the pox infection and subsequently re- 
covered.  Toward the end of this epidemic,  on Jan.  12,  1933, it gave birth to a 
litter of five young, and so far as is known none of them ever developed the disease. 
One of the animals in this group of five was the mother of the first of the two litters 
under  consideration.  Since  this  animal  itself  had  not  contracted the  disease 
during the second epidemic,  it must be classified as a  susceptible.  It is highly 
significant  that all of its young were infected during the third epidemic. 
The five young animals comprising the second litter were caged with their own 
mother.  The latter was born on May 9, 1932, and had survived the epidemic of 
1932-33 as an immune.  A few weeks after the doe gave birth to the litter under 
review, it showed signs of deterioration as evidenced by loss of weight, abdominal 
distension  and a  sluggish, listless  demeanor.  The poor physical condition con- 
tinued from the time the young were approximately 5 weeks of age until after 
they were transferred to  the epidemic room and  developed characteristic pox 
lesions.  Our  experience with  nursing  does  presenting  the  symptom  complex 
described is that they cease nursing,  and the young are forced to shift for them- 
selves.  Although in the present instance it is not known with certainty that this 
was the case, it is reasonable to assume that the young received little or no nourish- 
ment from their immlme mother.  All five came down with pox lesions during 
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A further point of interest connected with these two litters concerns the evi- 
dence afforded of the transmission of infection through the medium of a personal 
carrier.  There is little doubt that infection  was transmitted to the first animal of 
this group by some one who had handled an infected animal of the group in which 
the disease first appeared.  Moreover, this must have occurred before infection 
was clinically recognizable in the animal from which the virus came as all com- 
munication was interrupted as soon as the disease was detected.  It is also of 
interest to note that infection was first conveyed to the litter of a  non-immune 
mother rather than to the young of the immune doe, which were handled at the 
same time. 
TABLE  II 
Nursing Litters Exposed to the Epidemic Pox Disease of 1933-34, with Number  of 
Animals Infected in Each Litter 
Litter No. 
X-1517 
X-1406 
X-1351 
AP-18 
X-1196 
BA-102 
No. of 
animah 
Age on 
Dec.  18, 
1933 
days 
16 
28 
34 
1 
48 
48 
Immune  state 
of mother 
Immune* 
Immune* 
Immune* 
Immune* 
Susceptiblet 
Immune* 
No. of  : 
cases 
of pox 
Comment 
Born in the epidemic room 
cc  cc  c~  ~  ~ 
Transferred to the epidemic room 
Mother not nursing her young 
* Survivor of the 1932-33 pox epidemic. 
t  Survivor of the 1932-33 pox epidemic, but known not to have been infected. 
Table  II summarizes the findings with respect to the status and 
reaction of the six nursing litters.  None of the nursing young of four 
mothers immune to the causative agent of the second epidemic con- 
tracted  the  disease  prevalent  during  the  third  epidemic.  On  the 
other hand, the infection was noted in all of the young of a susceptible 
doe, and also in every member of a  litter of nursing age which had 
been weaned prematurely by  their immune mother because of  the 
mother's physical deterioration.  This evidence indicates that nursing 
a  specifically immune mother probably protects young animals from 
developing the lesions of a  spontaneous and epidemic disease, rabbit 
pox. 
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nurslings of immune mothers is transitory and is lost after weaning. 
The litter born on December 18 during the height of the epidemic was 
never  demonstrably  infected.  Vaccination  of  six  animals  of  this 
group with dermovaccine virus at the age of approximately 3 months, 
that is after weaning had occurred, gave definite positive reactions 
in three animals.  Thus, the protective influence derived from nursing 
an immune mother, unlike the specific immunity acquired by recovery 
from actual infection, was of comparatively short duration. 
The clinical features of the disease encountered during the reported 
epidemic were similar in most respects to those noted in the epidemic 
of the previous year.  With the exception of the skin findings,  this 
was true also of the lesions observed at autopsy.  During the second 
epidemic "in  early  lesions  the  epidermis remained  intact  and  un- 
altered.  Pathological changes were demonstrated only in those cases 
associated with large necrotic areas in the corium"  (3)  (Fig. 2).  In 
contrast to this was the microscopic picture of the skin lesions in the 
third epidemic (Fig. 1).  Early lesions, involving the epidermis aione, 
were  characterized  by  vacuolization  and  vesicle  formation.  The 
vesicles usually contained small numbers of polymorphonuclear  leuco- 
cytes  and  strands  of  degenerated  epithelial  cells.  Sometimes  the 
lesion extended through the Malpighian layer into the papillae of the 
corium, both epidermis and the adjacent corium becoming involved 
in  a  necrotic process.  The  clinical absence  of  scar  formation was 
probably due to the great frequency of skin and mucous membrane 
lesions limited to the epidermis. 
Greene has already emphasized the numerous points of similarity 
between rabbit pox and human small pox.  The characteristic lesions 
in the epidermis noted in the present epidemic were remarkably like 
those observed in human small pox, and this observation adds further 
weight to the analogy between the pox disease of man and rabbit. 
The reasons for the differing locations of the microscopic lesions 
in  the  skin  as  observed in  the  two  epidemics are  not known.  A 
selectivity on the part of the infecting agent, for the corium in the 
second epidemic and for the epidermis in the third, seems to be an 
untenable hypothesis in view of the similar histologic findings in the 
lesions of the special organs; that is, the essentiM lesion in both epi- 
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A  more probable explanation involves a  difference on the one hand, 
in the virulence, concentration or dosage of the two viruses, and on the 
other,  in  the  composition and  reactive status  of the  colony in  the 
two epidemic periods. 
Although no  actual cross-immunity or serum neutralization  tests 
were carried out, the available evidence from an immunological point 
of view indicates that the two viruses were closely related.  On the 
basis of these observations it cannot be stated categorically that this 
relationship was or was not one of identity.  Our previous experience 
has shown for instance, that an animal specifically immune to rabbit 
pox is refractory to inoculation with vaccine virus, both neurotropic 
and dermotropic strains,  whereas the inoculation of a dermovaccine 
virus  immune with  rabbit  pox  gives  an  altered  yet  definite  take. 
Similar findings were observed in  serum neutralization experiments, 
The accumulated evidence thus demonstrated a  qualitative relation- 
ship between the virus of rabbit pox and the virus of vaccinia, the 
difference being one of degree rather than of kind.  The refractoriness 
of animals immune to the second epidemic virus when exposed to the 
virus of the later epidemic can be explained by a similar relationship 
between  the  two  exciting  agents  although  the  disease  during  the 
reported  epidemic was  much  more  severe  than  ordinary  vaccinia. 
In the absence of crucial tests, it is not known whether the two viruses 
were identical,  but  the  many features  common to  both  epidemics 
certainly  indicate  a  close  relationship  between  them.  That  the 
etiological agent of the reported epidemic might have been a variant 
form of dermovaccine virus derived from a passage strain, is a possi- 
bility that should be emphasized. 
It is highly probable in this instance, as in the epidemic reported by 
Greene, (1) that an unrecognized outbreak of pox occurred in a group 
of animals that was not under close observation and that the infection 
was transported to our stocks by the caretaker in the manner indicated 
above.  That spread of infection may occur in this manner is clearly 
demonstrated by our own experience.  However,  a  number of lab- 
oratories in the Institute were working with vaccine virus at the time 
and despite efforts to guard against spread, the virus could very easily 
have been disseminated through the hallways and corridors leading 
to and from the animal rooms.  In addition,  the use of a  common 346  RABBXT Pox 
incinerator  for  the  disposal  of  infected  carcasses  greatly  increases 
the opportunities for spread.  From the observations on the reaction 
of the rabbit to vaccinia, it was concluded that an animal possessing 
a refractory constitution sufficient to inhibit the activity of the inocu- 
lated virus may become a latent cartier.  Such animals are evidently 
potential sources of danger and probably serve as the actual carriers 
of the infection.  Although the presence of contagious materials is a 
most important factor in the production of these epidemics, it appears 
true that at times, and for unknown reasons, the chances of extensive 
spread of vaccine virus are rather remote, while at  other times the 
virus assumes a  virulence and contagiousness of an extremely high 
order. 
SUMMARY 
Observations on an epidemic of rabbit pox occurring in an isolated 
animal room during the winter of 1933-34 are reported.  The clinical 
manifestations, consisting of a generalized papular eruption involving 
the skin and mucous membranes, together with blepharitis, ophthal- 
mia, nasal discharge and lymphadenopathy were essentlally similar 
to those noted in a pox epidemic of the previous year.  This was true 
in general also of the pathological findings except that vacuolization, 
local necrosis and vesicle formation were seen in the epidermis, while 
in the previous year the microscopic pathology in the skin was con- 
fined  to  the  cofium.  Evidence was  presented  indicating that  the 
infection can be transmitted through the medium of a personal carrier, 
and that transmission in this manner can occur during the incubation 
period or before a  definite diagnosis is possible.  The  findings also 
demonstrated that the etiological agents responsible for  the  disease 
reported here and  that  of  the previous year  were immunologically 
related, and that the immunity in recovered animals effectively per- 
sisted during the entire period for which data are available, 9 to  12 
months.  It appeared also that young animals suckling an immune 
doe were more refractory to the development of the lesions of rabbit 
pox than were the young of susceptible does. 
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EXPLANATION  OF PLATE 14 
FXG. I.  Section through an early lesion in the skin of the ear.  The disease was 
contracted  during  the  reported  epidemic.  The  lesion  is  most marked in  the 
epidermis in  which  vacuolization,  necrosis  and  vesicle formation  are  present. 
There is a moderate amount of infiltration of monocytes and lymphocytes in the 
corium.  X120. 
FIG. 2.  Section through an early lesion in the skin of the ear comparable with 
that in Fig. 1.  The disease was contracted during the epidemic of 1932-33.  The 
epidermis is intact, but the corium shows a marked infiltration with lymphocytes 
and monocytes, congestion of the blood vessels, and areas of perivascular collaring 
with small round cells.  X120. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  62  PLATE 14 
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(Rosahn  and  Hu:  Rabbit pox) 